MASSACHUSETTS IimtTUTE OF TSCEttfOLOGY 


PEOJ tttJ'1 MAC 


Artificial Intelligence 

Memo , No. 177 August 1969 


Preprocessor for 
Hecqgnize 


Programs which 
Scenes 

li¬ 


ft, If. Mshabala 


A visual SdOhO is tr&nSformtd fraa a very simple and convenient format s 
to an internal format which describes the same scene s but is more akin 
to complex raanipulationa, This format is compatible with programs like 
"SEE". 


The entire analysis is done using a basic primitive which gives the 
orientation of a point with respect to a directed line, 

A novel handling of inaecuraeies in the scene ia achieved by considering 
the lines to be strips of small but not negligible width. The criterion 
is Very general and easy to modify. 
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The output of a program which processes the data from a vidisector 
is often a graph (list of vertices, their location and List of neighbors). 
This graph has to be checked for consistency such as all Intersection 
of links are labelled as vertices, etc,, Further the regions have 
to bn labeled and property lists which organize the information in 
very specialized forms for programs like ’’SEE" 1, have to be prepared, 

A preprocessor called "SETUP'' has been written in basic LISP. SETUP 
includes the following features, 

(a) Entire analysis is performed using a basic primitive which 
gives the orientation of a point with respect to a directed line, 
Prientation is expressed as to the lefts ft to the ripht or in the 
direction of the line or sway from the directed line. Since in- 
accuracies in the location of a vertex is unavoidable the directed 
line is in fnet interpreted as a strip of variable width- Criterion 
used ia very general but the organization ta such that only one 
function has to be changed if a new criterion is to be used. 

(b) Since advice from lower level programs deal with only 
points (for example] points X and Y are on the same body) appropriate 
region names can be determined using available functions. 


<c) Main background is determined without add it iona 1 information. 


It is interesting that the £oiLowing can be achieved using only 
the "'orient 11 primitive* 

(i) Determine whether A given point ifl inside or outside a 
general region (with hoLea). 

(il) pEtETTaine whether a given boundary encloses a region with 
bounded or unbounded area* 


Ciii)Determine whether a given line segment intersects the boundary 
of A region. 

(iv) Determine the connectivity of a graph and relative location 
o£ the vat tone Subgraphs. 


1* Lrstroduc tiou 


Pro grams which recognize or underStand scenes work with line 
diagrams of a scene. It is preferable for the data of the scene to 
be presented in a pseudo canonical form. This requires ordering of 
the neighbor* of a vertex {for example, anticlockwise) and including 
the names of region* in describing the neighborhood of a vertex. 
Since one has to test a program (in turn n heuristic) for a large 



variety of scene a of considerable complexity prewar at ion of datii In 
the pseudo canonical form can be very time consuming (see Figure f HARD f )* 
So it la desirable to have a preprocessor which can accept the scene 
in a simple format such as the Incidence matrix. Further the output 
of programs that process the output of a vidiaCctor is -often In the 
Simplified format* TJtu-S- the preprocessor can act a* a link between 
the lower Level programs and higher level programs. It Is very 
desirable, why even necessary, for work on recognition programs to 
be able to use as data a line diagram (in black on white) of a scene 
to be analysed. Thus one can test a program on a wide variety of 
scenes without too much trouble and facilitate answering the most 
often asked question of a recognition program; 1 "What will the program 
do on this scene?". 

Instead of treating the preprocessor as merely a ptogtum for hack) 
ft would be nice if recognition primitives and computational techniques 
involved are carefully selected to that one can view the preprocessing 
Lit, the computation of an automaton with certain capabilities. Such 
a view point can help in arriving at a hierarchy of automaton for 
understanding scenea. 


Z* Object J vi'E 


2.1 CgMrgl 

(a) The output of the pro gif am, Should be compatible with input 
for existing recognition programs - However better organization of 
output wherever desirable should also be considered. 

(b) Program should he in LISP and LISP features used, should 

be general enough to run on almost any version of LISP. Compilation 
if desired should also be straight forward. 

(c) All functions defined should be prefixed by a special 
character to facilitate easy change of a name (m£ is used) in case 

of Conflict that might arise when the program is made part of another 
program* 

(d) Eemprop all unnecessary functions and variables at the end 
of the preprocessing. 

(e) Hie Output Will usually be in the form of property llet&+ 
Hence it should he possible to print out the output of the program in 
a format Uafey for human understanding, 

(f) All error processing should be centralized in a Single 
routine ERROR) so that handling of SO error can be altered very 




easily. This requirement it mandatory if the whole recognition By&fcttn 
should somehow precede in case of certain errors and not just hangup, 
(At present the preprocessor quits after printing a suitable message*) 


2,2 Particulars 


(a) The input of the graph of a seems should be as simple as 
possible. The data includes name of scene, and list of vertices„ their 
location and unorderod list of neighbors, 

(b) The output is in the form of property list a and a Subset 
Of the property lists Is compatible with "SEE" of Gurman, 

(c) It ie soiaetlines necessary to handle more than one scene 

«ith perhaps same vertex names at the same time. This is made possible 
by Including a feature by which names of vertices* regions and 
subgraphs can be prefixed by the name of the Stepe. All global 
properties are on the naae of the scene, 

y 

(d) Check for certain types of constancies in the. input such as; 

(i) Each link of the graph appears in two places, i+e, 
if 1 appears as a neighbor of A then A should appear at neighbor of 
E, The urge fco relax this requirement (since finally a lower level 
program prepares input) and update suitably in cate of error was curbed 
so that human errors In pteparaci.en of data is nut misinterpreted. 



(ii) Intersection or meeting place of any t «3 lints should 
be at a vertex* 

(ill) Two or more neighbors of a vortex should not be 
collinear on the same side. {See also section 4,2), 

{o> Since input data and In particular Location of a vertex is 
subject to hardware inaccuracies, not to forget truncation errors* 
certain decisions such as the following should not he based on pure 
geometric theorems. (See also section 3,1,3), 

{±j Whether two links axe in the same line, 

(11) Whether three points axe collinear, 

(f) Find the connectivity of the input graph.* Separata the 
Scene into Subgraphs and find their relative location. This is 
desirable since each subgraph can be a body er a hole* 

(fi) Find the iualn background {the only unbounded region which 
extends to infinity around the graph). The background of each Sub¬ 
graph (the region in which the subgraph is situated) should also be 
determined. The information on each subgraph should be organised in 
Such a way that recursive analysts of the scene can be facilitated. 
Matching T*s cannot be found satisfactorily with the available infor^ 
mat ion, however, matching with respect to the main background 

should be determined. There should: be facility for updating matching 
T P B as and when more is known about the scene. 


(h) It should fee possible to change the name of a vertex* region 
or subgraph in -1 scene even after the preprocessing is complete* 

(Such as identifying vertex A on LEFT scene is same as vertex X in 
EIGHT sosec of a stereo pair.) 

(1) Advice from lower level programs or between higher level 
programs such as 

(1) Point X (XCOR* YG0E) la in the background* 

(ii) Points X and Y are on the same body* 

(ill) Region which has KV* 1 (ordered boundary) if « - r - 
(tv) Region with A and E (two ordered adjacent points on 
the boundary) on the boundary is....- ***. 

should be updated by substituting internally generated names (for 
subgraphs or regions). This is facilitated by making available 
some utility functions which axe retained even after unnecessary ones 
are removed. 


3. Interesting Features 

3.1 "Orient 11 Fr butt i ve 

In tonCowling with the intention to use simple recognition primi» 
tives it was felt that all the work involved in the preprocessors re¬ 
ferred to ae SETUP, can be done by -using a primitive which anavers the 
question; "What is the orientation of a point with respect to an 
oriented half line . 11 The answer will be in the form; to the left* to 
the right* ahead ox behind* This recognition ability Lb more basic 




than evaluating magnitude of angles* Further one filvayS makes ap- 
pro-Kimations in judging orientation and hence Similar facility for 
approximating should be incorporated in this primitive. This ap¬ 
proximation is all the core necessary in the computer program Since 
location of vertices are Subject to hardware errors. Truncation 
aggravates the problem. 


3*1,1 Strict KaihematiCdl Rule Such as; 

O' 1 - ahead 

0* < e < leo* left 

ISO* behind 

ISO* < 8 < 3.&0* right 

where 9 is the angle between the line and the line Joining the starting 
point of the oriented line and the given point (angle (AB) in Figure 1)* 

This criterion is rejected because there is no roe« for approxi¬ 
mation and If this criterion is used no T t e will he found in real Scenes 


3,1*2* This incorporate® an approximation Co criterion 3*1*1* 

-ltf £ M £ lCf ahead 
10 s < 6 < 17tf* left 
170* SM 190* behind 
190* < & < 350 right 


this works f i,ne except that very large error results if the point Ji*W« 
from the origin of the directed line 1* large. In general one can 
icipect that all vertices ahift by about the 6*ne amount irrespective 
of their location due to hardware inaccuracies* (barring edge affects). 
Hence raving a vertex, by Large distance in order to consider it 
Col linear with a line is not In general justified,. 


3.1.3, The line is viewed ae a atrip of finite width for deciding 
collinearity. This in itself will not suffice because orientation 
of C with respect to AB may not be eoLLinear uh areas A is col Linear 

—9 

with Teapact to EC (See Figure L{b>). Even though Successive 
Logical extensions cannot be allowed in approximate techniques at 
least three points should be judges! collluear no natter which two of 
the three points is used for the directed line. So three points are 
iedged coIlinear if any one point is collinear with respect to the 
strip along the other two points, i + e+ A* B and C are considered if; 

C lies In a strip of width =£FS along AB 

cr B lies in a atrip of width ±EFS along AC 

or A lies In a strip of width ±EF$ along 

ft looks at the outset that taking the strip parallel to one of 
the three sides of the triangle is not general enough. In fact one 
would like to fit a line which minimitee the sum of the squares of 
the distance from each point to the line. And the three points arc 
Co11inear If they lie within a strip of width ±EP& about this line. 


It is net easy to find! such a Line. (This is net the regular least 
squaree fit line). Further, it can be easily shown that, if three 
points are collincar from the best fit line criterion, it will also 
be collineai with respect to our three strip criterion. 

Figure 3(A) shows the criterion used in the present preprocessor 
(MKSEHJF). The organisation of the preprocessor is such that one 
easily can nee any other criterion by rewriting llMBMT. figure 2(h) 
illuetraces the case Where EPS is larger than distance between A and B+ 
Obviously greater reliance is put in direction of AC or EC than that 
of AT. 

It is reasonable to use a value for the half width of the atrip 
(EPS) which ii commensurate with the hardware inaccuracies f In¬ 
creasing EPS beyond reason (half of minimum distance hetween any two 
neighbors) will cause trouble which is understandable. All attempts 
to adjust value of EPS dynamically by studying only the neighborhood 
of h vertex Should be considered carefully, tine of the dangers 
of tfuch An Adjustment is that many vertices will end op being 

One interesting technique of analysis of a scene would be analyse 
It at more than one value of EPS and reconcile the discrepancy if any. 

It should be noted that HKDIQfT only shows conclusions about the 
orientation and does not adjust the coordinates of the vertices to 
fit the orientation geometrically {according to 3*1*1), It is 
ftaxed that any attempt to adjust data recursively will ruin the 


features 


3.2 "SECT" fraction 


A primitive, derived £ rum "'o t i ent finds whether two Line sOgiDontB 
Intersect or net (Figure 3), 


3.3 "maid a* 1 Function 


It is interesting that we can determine whether a point is 
internal to a region (given by ordered vertices on the boundary) by 
uaiELg the orient primitive* A point is inside if the number of 
intersections of the boundary with the infinite half line Joining 
the point to a vertex on the boundary Is oAA t otherwise outside. 


3*4 ‘'Bounded" 1 ' Function 

Often we need to find if a region given by an ordered set of 
vertices has bounded area. The technique first finds the vertex 
with the minima X coordinate. Then if the region is to the left of 
this point it is unbounded (Figure 3). 


4, tJyeraLL Technique [MJUSKTUPX) 


I'he names referred to In this memo (prefixed by arc names 


of LISP function*. 



4*1 SETUP! 


Input data is separated after appending a prefix (NIL. if Hit SETUP ie 
used and MAKE if K% SETUPS' is used) * 


4.3 KftAERAHGE 


The neighbors of each vertex are arranged in counter clockwise 
otder. This is achieved by Successively adding 4 neighbor to the 
ordered list. If ®S2 (square of the half width EFE for M^OtEHX) is 
Large two vertices will fall in the same direction which is an error* 

4*3 Hfr TYP E 

The TYPE* (see section 5) of each vertex is found. 


4*4 MV^FHEGLON 

Regions associated With each boundary is labeled. The technique 
is« start with n vertex A (Figure TEST) and choose a neighbor (say H) 
connected to a A by an unused link (i*e* AH has not yet beep identified 
as a boundary of a region). Mark jfli ae used* At H pick the vertex (VQ) 
which ie before A in the ordered list of neighbors of H+ iSfr should also 
be unused which will not be the case if data is not consistent. So we 


have AJIKJL as a partial boundary of a region ;4. Proceed as before 
from Kl until we reach A. there make sure that the next link (after MA) 
is indeed A&. This will not he the case if we had started from H 
instead of A* So proceed until the first link used is obtained again¬ 
st should be noted that a vertea eon appear wore than once on its 
boundary (:4 haa as K vertices J,IjH, G|F*KjPj,c»E*M*A )* At 

this stage the region names and their boundaries are n^t final for 

those regions which have holes, For example: entire area within 
A2 A? A6 A3 (Figure GftA£r) will be ;3 and entire area outside Dl D4 
S3 D2 will have a separate number. Later the eottra name is eliminated 
and the boundary of: 3 is adjusted, 

4,5 H %SUBGRAPH 

Connectivity of the total graph is found. The technique is that 
each Subgraph ie constituted by a minimal subset of vertices whose 
neighbors are also in the subset. Fox example* Cl, £2 and G3 
(Figure CRAZY) form S subgraph. 


4.6 M‘/.SEPARATE 


The relative location (structure) of the various subgraphs arc 


determined. The technique 1st the background (unbounded region 
associated with a subgraph) of a subgraph is determined (Section 3*4) 


Pick the subgraph which has the vertex with the minim tun X Coordinate 
of all the vertices (A1 *f EUBGRAF1Q in Figure CRA£Y). The background 
of the scene is the background of Subgx&f 10 (:2}. Separate the 
other subgraphs according as OUTSG if one point on them in in ; 1 
(i. e. outside SLUG RAG 10 and IHSG l£ one point in them is not in +2* 

For example subgraphs 1, 4 and 6 Vrill be in 0T3TSG and 3.2.5 and 1 in 
IHSGu Separate iifSG into subsets within each region of 5UBGRAF1Q. 
Proceed With OtfTSG and various subsets of INSG from beginjning { re¬ 
cursively) except that the background in each case is to be merged 
with a region of StffeGKAV 10* For example background of OUTEG ( assocrated 
with 01 02 C3) will have to be merged with i2 and background of 1*2 and 
5 (associated With Fl F2 F3 F4) is to be merged with ■1, The structure 
information is organized as a list and is explained in Figure CRAZY, 

A note about finding the background (H % SGEfiUWB-) * Any cardinal 
point {i+ e, S vertex with mintisuci k or y coordinates or with maximum 
X or Y Ccordinates^tan be used for finding the background. The region 
mine in each case should be the same* However* if the intersection 
of two links i® not identified as a vertex the region nataes will be 
different causing an error exit. 


4.7 MfeADJUSTl 


Merging information of multiple region muses are gathered and 


information about the subgraphs in each region is collected. 


4,6 N% REFUND 


If there ta mare than ant name poseIbis far a region one with a 
lower number 1 b retained* The property Hat of region names are 
updated {take earn of multiple bcundsrl.es) and property lists of 
unused region names are deleted. However* the occurrences of 
region names eliminated have yet to he replaced by corresponding 
names, h 1 Let <M LIST]) of substitutions necessary is prepared* 


4.9 M ^REPLACE 

M. LI^T iP UPad to make the substitutions in all property lists 
associated with W/C, SETUP (or H^SEIUP*), 


4. 10 H%SEEUAJA 


Since one main requirement of HV.SETUl 1 was to be compatible with 
"'SEE" appropriate new properties are created* NAME is given a value 
which is compatible for using "PREPASA" (a preprocessor for SEE)* 
However, PEEFAEtA can be bypassed. Value of NAME can be used to plot 
the scene usin£ a package written by Guzman. 


4* II M^.MATCHT 


A pair of T's in 0 scene are matching T 1 s if 


(i) they fate eachothe* with their tails Collinear and 
arc the closest possible» 

£il) the base region (one ■which subtends an angle of 1E0* 
at the vertex) of each T Should not he a background, and 

(iii)the line joining then does not intersect any region 
identified nS background. 

M/^SETUP finds the matching T! 1 s only with respect taj. the n*aitt 
background (i,e, 35 in Figure BARS), However, ie eo 

organised that further updating can be done very easily. For 
example, M‘PyiATOJT can be cAlltd using 36 and 34 as background and 
operating on only those T's which already have mates. In, this case 
it well not make an alteration in the s-Ct of matching T* s, M, 
was tested on HAKD by identyfying £6 ^rather illogical) as background. 
Then vertices a* fa and bj ft were eliminated, from the set of matching 
T's. 


The technique used is to make sure that each T(of a matchins pair) 
accepts the other as a mate, tfrien all T’s are available for matching. 
Since H3&UKHT uses a strip for Batching col Linear i ly Sonet ImeSj cycle 
can arise which is an error. 


5. Property Lists 


M % SETUP (or M % SETUP*) sets up a niiiober of property Lists whose 


description follows 



5,1 HAMS’ 


It a value it data suitable fat PMPAftfL 


PREFIX* Explode list of characters in SAME if MX SETUP* 

is used, otherwise MIL. 


accuracy 

ERROR 

VERTICES 

REGIONS 

oomnbctivittj 

eubcrapeis 

HAXMTH 

BACKGROUND 

STRUCTURE 


Half width of the Strip for HXORET. 

Error message in case M 5SMAICHI had to delete vertices 
from matching because of Cyclicity, [Such -as B is 
mate of A 3 C is mete of Bj end A ia mete of C.I 

List of vertices in the scene* 

List of regions in the scene, 

Humber of Subgraphs in the scene. 

List of subgraphs in the scene. 

List of cardinal points (Min X f Max Xj Min V,. Max. Y). 
List of baekSroutnds {only one initially). 

Structural information as explained In Figure CRAZY. 


5*2 Nth Subgraph (SGRApfO 


MAXMIN J 

VEKTICBS t 

REGIONS f 

EAQtGRDUim 


Same as in case of Mane (5,1), 


5,5 VERTEX 


XOOR 

YOOR 

TYPE 

KIND 

N VUOXCES 
N REGIONS 
NEXTH 


X-Coordinate 

Y-Csordinate 

Type information. See references to GUaiAN for 
details. 

List of Counter-clwtwiae neighboring vertices and 
regions (alternataly), 

List of neighboring vertices. 

List of regions having VERTEX on the boundary. 

Kamo of matching T P otherwise NIL* 


COOR List of RGQR and YCOR* 

TYFE* Classification of the vertex* types L* ARROW , PEAK* X» T» 

MULTI, K, PORE are the same as GUSMAN new types. 

KK One straight Line and more than two branches on one 

aide (vertex 0 in Figure TEST)* 

SL Straight Lino (I in TEST). 

CROSS Two straight lines cross at the vertex (B in TEST). 

KK becomes MULTI» CROSS 'begone8 X in TYPE. However, 3L continues to 
be SL which may cause error in SEE. However* SEE as it Stands does 
not expect EL type of vertices. 

0VERTICES List of elements each or which is a list of a neighbor 
and an orientation. Orientation gives a measure o£ the 
angle to be rotated (anticlockwise) from the neighbor 
to reach the next neighbor. For example at A in TEST 
ftjh<18Q' ta denoted L, H&PlStf (R) and At C TCH^lM (CA). 


5.4 REGION 


FOOT 

NEIGHBORS 
KVERTICES 

BACKGROUND 


See GUZMAN 

List of adjoining regions. 

List of all vertices on the boundary. No separation 
even if there are multiple boundaries. 

HAS *!&ACKCROUNDHf region is a background, otherwise NIL 
( :4 (n TEST >. 


BOUNDARY 

OTRAVERSK 

NEIGHBORS* 
KVERTICES* 
iNEUBGRAPH 


List of elements. Each eletaent is a list of links 
in one branch of the boundary. Each link is a list 
o£ ordered (counter-clockwise) neighbors on a seg¬ 
ment of the boundary (: 1 and -,2 in TEST). 

List of elements. Each element is a List of sub cl CnCnt s 
in one branch of the boundary.. Each subelement is 
a list of a vertex on the boundary and a measure of 
the angle subtended by the region at that vertex. 

List of elements. Each element is the ordered NEIGHBORS 
of one branch of the boundary. 

List of elements. Each element is the ordered K17ERXICEE 
of one branch of the boundary. 

List of subgraphs located in the region. 


can lie done once the two OTRAVERSE 1 S are compatible, ft VERTICES can 
also be used similarly to vertices. 


(vili) Choose accuracy very carefully. 


{ix) Since each subgraph can be a hole or a body*separate 
analysis of a subgraph i£ facilitated by the properties on each 
subgraph.. 


(x) STRUCTURE can be used to catch. scenes at a gross level. 
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Engineering Dept, M,I + T + December 1935, Also 
available as a Project MAC Technical Report MAC-Tft-59- 





6 . Use of MSETUP 


(i) Use M ViSETUP* if store than one scene with sane vertex n am es 
have to be handled simultaneously. 

(li) Even if very little information Is changed in the Scene it 
will lave to he eat up again. 

(iii)The property lists ercated by H "A EEETUP can be printed out 
by using H#AH£UER + 

(if) The property lists can be Sto red Oft disk on disk in a 
suitable internal format BO that the property lista can be reestablished 
by reading the file, Consult GUZMAN for the program* 

(v) Since M J'VSETtfP finds matching. T* S only with reapcct to the 
main background updating is necessary every time background infox- 
oiation is altered* This should be all right since ona may not ana¬ 
lyse scones with holes in the main background# lienee in general 
match lug T 1 a will be a subset of the matching T*e found by SETUP. 

(vi) Advice from the lower level programs can be updated by using 
the special functions available (See SETUP OoHraent}. 


(vii)Matching models of regions is facilitated by the property 
0TRAVERSE. Ejeact comparison of lengths of aides and magnitude of angles 



itlir ■uiiMb rot Jint ini ■ j l£ rttiiN j[T 

lit l MPa b| hLh l» T+f 

IlfTft i]i it |»>IBTI 4vnn£ 

t»i TIP 1 %£ 35 ^B 4 ll Jt 

irimm 


I V E 1TE1 4 hMJ . 

3 4 13 UI C 4 MPAI I 4 ilI HJTH -■£!+» H Dp I r [ }nh l Mtrtmd HE HID SICluBE*, 

LHfKtlf. I'M-BETU^ PAM, ^1 * C Tj 


llll&l? * ltu " * ,TJ,El '•»** w» m»*M HI. 

4.E *3■BY ii Jt-A3 t£tl« l4|;i L (JllI YM1LTY fltk. 41 iMEP l 

The Kfli'H TfHHjhJlL* i[3H 

T Jt UpPEAPt L 1*1 S $* 1* H <- «l*T]Ui r ItPIfFHl liii JjiBHi.nl pA^ ie f,a] M r[B 0UT 

3- Lfl*l TrttflLt 3IIIH Mill* 

*T t'ttTlI IHIMlMI ISElE PlLI, 

*LM*i BUI ML 

*:Ert [Pkj PIUU tgniPIt lt»l(P|R 

The pj^lll p» acc«[ EI *11*1*., 

'MBP4H Sp^HtJ? **'* W ‘ * SJi, ‘ T -IT" T"i iiMt « 


*- L 'JUillBH* ill EXM4 IHU f>|E4£ Milt Hi In Hi|* 

’;!« E :;™ .. - *■< .* 

V"'*1"- »n[«i[t III I, m mi II ||1 EI |, 

->imep£« Ti>i ij-iLlu; PE tTHilpp ri|jn am YHLJC lr Ieietpih* Tuc nun a 
*HilC pi PUJNI Tli IfMrmi HUH*!! fctfldEtfB* "WTTI** T* PWtllr 

CnyiiJn ir ru£ YH t ue Of iBC jiacp ja rpp J j = uia-t , s , , n fiu ,, 

s:k .. »■ a?v , iSi'S!M 


. '“ ls " *>• - >««».- 

-4 3J1P IdltlitTEI hit* itain'HI 

,ejiE Din t "* -ithwjt 

ElitJ+t-i tniHlUl ISEUE NILE MI*M T* IMHH.iL FiJMJI UtlH HCFIKP, 


::r;: a :;.s —.■■" * - 


PL*H» i|rj. hEaJa. 
M*t ■•(pP^map [4 hlJETuPi, 


UTJ L |TY i 4 tpMj.ii 


JF .3 "JPPiTIW Ji 13 H tEUIvIt Eltijf* HU_T»,E*tl 
-MIEE :£JC1C.11pa pF ijaCTEpia »?(5 ih£h 3£> *pj g|| 


'*ST! EI Ak-r]C lJPAMIE ihahiim qr THI iflJHpAM SF AiitJci AhE ll ALtt-T Jr „mt* 

r J* [j CYi SF A lnmpuF44H IESE3N is. IL1 t w I 't *H£*E a 1 * E 4* HltTLfrLS. 

E' r"C*I II A" P*NE* TBIlPflt HI MBl lf> l r ru AkHJLA* A{ E-1 p ) IP It) « CJ H E BhP, 
kBTi rniT m 3 q(*iEH II »E»iT(i, 

PS*»l£ jtTYf* s|i,Y ■ a I HEA*l ME iiIHIlE It AlJPI if AtPi ahi TtD» [ Df I i r 
M 1 TIW *Apa«LDti tliilLLH i.Hfl AUltEG]* * L-Jd L * £ ME AiaHFft 
i9aH IbllE i T MON T C ci| r»E tE*TI cLI ACIIIDU It ah* 

lAtji^r lp)I u *i »i 

hum in( a*L* H rAiJq K -y it #iTh cewtr fa ihe aiaeeTEt ua« m ■*. 

[At ThAEE abJhII *B{ at _i_ I At ab IF T- 4 EY all U* hIYnjh A n E 41 A *|dth t + i.ibbi erm* 

■ Til ;ijT£t; J -1 [* | 4 HE -3 A a TT t At ME ijAir IJJAiC I j I „JAl Tl! TH( FD f ATI .HD HAN 3 Bp IpHf 
I HA r aitrUAtE MpN ANY An LMl 19 ML _[AL [1 .III IftAh | Pi VI 

[■• :c i» S 4 ^lN( 4 H*CTaHNEq I )^ 1 I s 

tf jr ft. |» jn IAH[ qiAECtfSt ■■ j) L*IT* FEPAiT tD tJj 
P* ir Cl II |k ( Elirppj?" PNFSUTt N TrM-l V IB 
EP IF Cl, LI illNlk (Fit 9F A* 

IF tc | A HD’ CguLl Nt ■ 1 + 1 TN AA i» M, 

v [» c: h in r-r jft «*lf ‘l--i jf ne iiieeiei lIhe aa m 

a IF EC II Et Ml AElriT HALF FlAhE l> ME sDCilLI h£ AA ■■ 


I HI 2 J IT! AA <*11 

Ftl j*N* ME AUUhtE ar fn£ SLllAA-rt JllNitH IA A At M 


INlUPf aa 11 tt CE> I 

flNJt IF 1 MEL I Nt' AtOPtHf* AA tl I AD AD iNlCtMpf AND *[TlJ*lip 

Jh IF ale NT 3r tHlitlEtllBi li 9 lL si aa in ec aq 

t -□ I a ll ni AC E NEfthi ■ I 1 HJ A APEATAA9I 3F [A3H3 EP At | y 
Fit |l FLINT aF L-IrN Ate I I an |1 0TH(H T-H.N Aa i| qq pp 

M 3 |F thfT ?3 101 fUTEHtiET 


l"*ljAH¥*a» Nt-I 

mndi i» t he imm jhe* iy ^»ii imn :» uunri a+la amp iei^inp 
1 Put C LP FiPVlTI' 
aiiayiiBEil JifliErE 


tNiriAjqe- )i> ui 

FIHPP :F the r|(»l pi |t IHttFL HlEL^PIX B*l qt qgTi|OiKTaFiH 

L« 

gwi 


(HIiq 1 Efif■ C*A PA PTC 

FEipl I* T»t UHL -HLHtHT U ir EL 1 b ClE •BUHJAtY Hf tt£| Ph E f r[N #T N-E* Apt VEUtHl 

3 At IF ABllI at 1 H [ ENt( E f E 31 E A HJ 3H TT 

T(* r * FOIht 9 r L*TH*IEf I PH |i cinrt t*an li Si tt 

Hg ]F ■«[([ 11 ig ihT|tpier]tA 


fl|LIEll|Pr iEErC III 




"itjam t-£ n*h dp rue ■cepe i* pheCm i*e poini ha i]Ei, 

DP ME IPnNPihl j| PDNlED'hEf PI IN iND HENCE SHE OF ME r »3 FJIIIM »EEESHS 
HI -L K PIECE! 


ink urn )ct*E r j i 

Ts> It 4 llJHEfTEo ItBPtNT IJT TUI lUupEHtl 11 Flip If IN ll 
■ETMhl I-HE tig 1 frv OF K!»{ HHECH -■,! IJ *i p*Hi DP Mi ipuvpjpv 
"I- IP th|h*. n Pj igpH 4 ED EON 


ENlNDHH NCEnE plpl 

»ETj*h» l- it htiip^ pH[£H Nil NT> it The CvMUClt* 
H3l IF IhEfe ]| iv vuc .h NCrlDK 


LhInCTC*' NuE.iE VI !«.] ID3] 

II bl*T QF Vt*TJ EE I TO IE *1 TC^Eu 
• ll blit 3F l|H>| 
ki pm df hinih 

DbfCftl ME nLsFI DP T NUHeCi Of VI 
PuTl PftpFtifc Hi F|l J* HiEEMlNt F ■ I MiT CSNFSH 1] FPL pDi E Nfl 

Ei DC NOT HlTl NEHrEII SF itl ll fNI NEOIPh Cp-»V«*|N( ME ITtllHf Uw| ii Th* f. 
t. TK 4 - 4 -VE JbMiHt The haFSHInB t'l PDEI HCT JuTHtCEN hdunDivt df ntpiENi df p;r. 

JlUiLvT PCI ittp H„J *IE EnLhLND>NU 1b 
l=i El Nib, IF £ phD t II fil I 11 pgr peg jl R( E, 

NKCfTn' DH HSSETvFj NlLbl N.*|l Hi I £N | «i Tl| flF ECE NE LtJlC Mi ONE DPE N I £ D] £ N F ;» * 

3#±r 

■’ti N3EE lED|CNl 111 DtCLiHtP it IICnDIOjnE nnTOhinC 1■E Din IE JPI'iTEI UNiNl nEh IEI|Dn 1 rflt gag ihp ■ 


MiltF^iUL ice»i nlIITF 

nleIt (IFDNj NLlNJb Ifdtz nLIhzi [tgij UTNIIIi 

UFfLTEI ME 4 |DP|VTt i-J*FI UP EEtU EM PapPPOEB 4T HUEE dt 01 *»MtJI-* t 1 1 F|PblE I'5 
Mr. DCCMHtNCEl or FOIJ ■> nLMJ 

K e k C.NE H Tl NEtbiDEB tip IE NhHil if ITEh 1 1 uEl- □« TEEFdhI p> E|I|F|. 


L 



OO 



Fig, I Orientation of C with respect to AE 














il M 



tl 


k 
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